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Abstract 
Fuzzy controllers have been widely used in many 
consumer products and industrial applications with 
success over the past two decades. For traffic control, 
however, fuzzy controllers have not been widely applied. 
This paper proposes a fuzzy traffic lights controller to be 
used at a complex traffic junction in the middle of Kuala 
Lumpur city, Malaysia. The proposed fuzzy traffic lights 
controller is capable of communicating with neighbor 
junctions and manages phase sequences and phase 
lengths adaptively. A real case study of a complex traffic 
junction is simulated having 4 intersections. Average 
flow density, average delay time and link overflow of all 
the 4 intersections are used as performance indices when 
comparing the fuzzy controller with two other existing 
traffic lights controllers in Malaysia, namely the preset-
cycle time and vehicle-actuated controllers. A simulator 
has been developed to show the effectiveness of the 
fuzzy traffic controller which can also be used for 
teaching purposes. 
1 Introduction 
The ever increasing number of vehicles in newly 
industrialized economies (NIEs) such as Malaysia, 
Thailand, Indonesia, and the Philipphines has led to 
major developments of highways in their major cities. 
However, the recent economic downturn, which has not 
yet fully recovered, has slowed down such developments. 
In Malaysia, there are already more than 10 millions 
vehicles on the road and before the economic crisis in 
1997, the annual increment of vehicles was about 20% 
[1]. This increasing number of vehicles and the lower 
phase of highways developments have led to traffic 
congestion problems especially in major cities such as 
Kuala Lumpur Bangkok, Jakarta and Manila. Travel 
time, environment quality, life quality, and road safety 
are all adversely affected as a result of traffic 
congestions. In addition, delays due to traffic congestions 
also indirectly affect productivity, efficiency and energy 
losses.
There are many factors that lead to traffic congestion 
such as the density of vehicles on the roads, human 
habits, social behavior, and traffic lights system. One 
major factor is due to the traffic lights system that 
controls the traffic at junctions. In Kuala Lumpur, the 
City Hall employs a software for traffic dispersal, 
however, the software is rather ineffective during peak 
hours. Traffic policemen are deployed at traffic 
intersections everyday in order to overcome these 
congestions during peak hours, thus, one of the roots of 
the problem is due to ineffective traffic lights controllers.
With effective control of the intersections, it is believed 
that the overall capacity and performance of urban traffic 
network could be resolved. There are several types of 
conventional methods for traffic signal control [2], 
however, they fail to deal effectively with complex and 
time-varying traffic conditions. Currently, two types of 
traffic lights control are commonly installed in Malaysia 
and many parts of the world: the preset cycle time (PCT) 
and vehicle-actuated (VA) [3]. Due to the deployment of 
a large number of traffic police in the city during peak 
hours, it is evident that these types of traffic lights 
controllers are inadequate. Furthermore, they have been 
around for many decades and, thus, there is a need to 
research on new types of highly effective practical traffic 
lights controllers.   
In recent years, the fuzzy inference has been proven to be 
effective in the design of consumer products and 
industrial systems [4, 5]. In traffic lights control, a 
number of researchers have applied the fuzzy control 
technique [3-10], however, in most cases only one 
intersection or traffic junction were considered. Many of 
these approaches are not suitable for the case of 
successively located traffic intersections or multiple 
intersections. In urban areas, many traffic lights are 
located close to each other due to the proximity of a 
number of intersections, thus, in order to solve traffic 
problems effectively, the system must be able to consider 
neighboring controllers and also the overall traffic 
situations. Furthermore, many of the proposed fuzzy 
techniques did not consider case studies of real-case 
traffic junctions. 
In this paper, we proposed a new fuzzy traffic lights 
control system that can be effectively used for a complex 
traffic junction with multiple intersections. The system 
allows communications with neighboring controllers and 
manages phase sequences and phase lengths adaptively 
according to traffic density, waiting time of vehicles and 
cogestion. To show the effectiveness of the proposed 
fuzzy traffic lights controller, a simulator is developed 
for a complex and complicated traffic junction in the 
middle of Kuala Lumpur city. The simulator compares 
the proposed fuzzy traffic lights system to the existing 
VA and also PCT-types of traffic lights controllers which 
are available in many parts of the world. In the next 
section, an overview of the two existing traffic lights 
controllers is presented. The details of the proposed 
fuzzy controller are explained next followed by 
discussions on the simulation results. This is then 
followed by the conclusion and references. 
2 Overview of Existing Traffic Lights Controllers 
In order to understand the paper and the scope of 
research, it is important to understand some of the 
terminologies used in traffic lights system. 
2.1 Terminology 
A link is a road connecting 2 intersections. A cycle is a 
turn of traffic signals and a phase is a traffic signal or the 
time duration that a signal continuously lasts. A phase is 
represented by drawing the traffic flow of the green 
lights. The capacity of the link is defined as the 
maximum number of cars that are able to exist between 
the intersections or link [11]. In Fig. 1, N, W, E, S stands 
for North, West, East and South respectively and a 
graphical representation showing link, cycle and phase in 
a traffic lights control system is given. In this paper these 
labels are used to identify the branch of road in each 
intersection.
2.2 Preset Cycle Time (PCT) Controller 
This type of traffic control has preset time for green, 
amber and red light for each phase, and the duration of 
each phase in one cycle is set according to its program. 
This preset time does not change according to the 
conditions of the traffic flow. The disadvantage of this 
method is that if there is a congestion in a particular road 
at a junction, the green lights will not be extended and 
the next phase is continued without considering the 
density of the cars at any of the junction. 
Figure 1.  Graphical representations showing Link, 
Cycle and Phase in a typical traffic lights 
control system. 
2.3 Vehicle Actuated (VA) Controller
The VA-type consists of detectors which can activate a 
change in the length of phase. In this method, every road 
in the junction has a vehicle detector that detect the 
presence of vehicles at each of the junction. This method 
uses three parameters: Initial Interval, Extension Unit 
and Extension Limit [6]. If a phase takes the turn of the 
green light, it will take the time of Initial Interval. After 
the Initial Interval elapses, the green signal is extended 
by an Extension Unit’s time. If a vehicle is detected 
during the Extension Unit, the green signal is extended 
one more by another Extension Unit. However, the green 
signal will not be extended any more once the Extension 
Limit is reached. Figure 2 shows an example of the time 
allocation of a particular phase in a VA-type traffic lights 
control system. 
Figure 2: A schematic diagram showing an example 
of the time allocation of the VA-type traffic 
controller.
3 Proposed Fuzzy Inference based Controller 
In the design of the fuzzy traffic lights controller, we 
consider 2 main features: first, to reduce the total delay 
time of waiting vehicles as well as to avoid heavy traffic 
congestion and second, to synchronize the local traffic 
controller with its neighbors, such as controlling the 
outgoing vehicles into neighboring traffic controllers. If 
the number of incoming vehicles overruns the capacity of 
the intersection, that congestion would then spread to its 
neighbors and eventually all nearby intersections will be 
jammed. The fuzzy traffic lights controller is designed 
with a number of useful features not found in existing 
traffic lights controller. One example is that if a large 
volume of vehicles are congested at a neighboring 
intersection, the number of vehicles coming into that 
intersection will be reduced. 
Three modules are proposed in the design of the fuzzy 
traffic lights controller and this is as shown in Fig. 3. It 
consists of a Next Phase Module, a Green Phase module 
and a Decision Module. Through the Next Phase and 
Green Phase Modules, the inputs which evaluates the 
number of vehicles from the local detectors (detectors 
within the lane itself) and remote detectors (detectors 
from neighbor lanes) are considered. The Next Phase 
Module selects the most urgent phase among all the other 
phases except the green phase. The Green Phase Module 
observes the condition of traffic flow of the green phase 
only. The Decision Module decides the urgency degree 
between the Next Phase and the Green Phase Modules. It 
also decides by how long to extend the green phase 
signal or whether to change to other phases. For example, 
if the Green Phase Module is more urgent than the Next 
Phase Module, the green signal will be extended. On the 
other hand, if the Next Phase Module is more urgent than 
the Green Phase Module, the Decision Module will 
change the green phase signal to another phase. Example 
of phases at a traffic intersection can be observed as 
shown in Fig. 4.  
Figure 3:  Modules of the proposed fuzzy controller: 
(1) Next phase, (2) Green Phase and (3) 
Decision Modules. The Next Phase Module 
has inputs of traffic density of all phases, 
the Green Phase has only the Green Phase 
input traffic density and the Decision 
Module has 3 inputs: Selected phase, 
Urgency and Extension.  
Figure 4:  Example showing six phases of a traffic 
lights cycle as proposed in the fuzzy 
controller.
3.1 The NextPhase Module 
The NextPhase Module has 3 inputs and 2 outputs. The 3 
inputs are (1) QueueNum (2) FrontNum and (3) RedTime.
QueueNum refers to the number of vehicles remain in a 
lane during a red light phase. FrontNum quantifies the 
number of vehicles in the link between the affected 
intersection and the downstream intersections. 
Information regarding the quantity of vehicles in the 
front link, left link and the right link are all sent to the  
fuzzy controller. This input is important in order to avoid 
congested links. Another input which is considered in our 
design is referred to as RedTime. It calculates the number 
of vehicles waiting at a red light. This input is considered 
as to avoid the drivers waiting too long for the green 
signal.  
The fuzzification component of the input variables of the 
Next Phase Module is given in Fig. 5. For the Next Phase 
Module, 2 outputs are considered: (1) Urgency and (2)
Phase. Urgency represents the worsening traffic 
condition of the selected phase. If the traffic of the 
selected phase is rather bad, the Value of Urgency
increases. Phase refers to the phase selected for the next 
phase after the green phase. To get the value of Urgency
of a phase, we should consider the Urgency of the each 
lane in that phase. The Urgency values of these lanes are 
combined as the value of that phase. The phase, which 
has the highest Urgency value, will be the next phase 
after the green phase. The output fuzzy variable Urgency
has been proposed to have 5 membership functions.  
In this Module, 28 rules have been developed to 
relate the 3 inputs to the output, Urgency, as shown in 
Table 1. The criteria considered in determining the 
output, Urgency, are : 
1. If the number of vehicles in the link between the 
intersection and the downstream intersections 
(FrontNum) reach the maximum capacity of that 
link, no vehicles are allowed to go into that 
intersection. This is to prevent traffic congestion 
getting worse. 
2. If RedTime gets very long, the vehicles will be given 
priority to cross the intersection. This is to make sure 
that the average waiting time for every vehicle is 
minimized. 
Figure 5:  Fuzzification of QueueNum, FrontNum 
and RedTime in NextPhase Module. 
Rule 1 in Table 1 shows that whenever the fuzzy set of 
QueueNum is Zero ( Z ) and regardless those of 
FrontNum and RedTime,  the output Urgency should be 
Zero (Z). As QueueNum and RedTime increase, Urgency
also increases proportionally. However, if FrontNum
increases, then Urgency decreases proportionally. To get 
the 2 outputs of the NextPhase Module (Phase and 
Urgency), we must compare all the Urgency value of 
every phase except green phase.   
Table 1.  Example of Fuzzy Rules of the NextPhase 
Module for output, Urgency. 
3.2 The GreenPhase Module 
The GreenPhase Module observes the traffic conditions 
of the green phase and it consists of 2 inputs which are 
(1) QueueNum (2) FrontNum and 1 output which is 
Extend. These inputs are the same as those in the 
NextPhase Module as shown in Fig. 5, however, the 
output fuzzy variable, Extend, consists of 5 membership 
functions. QueueNum is the remaining vehicles in a lane 
during the green signal. FrontNum is referred to as the 
number of the vehicles in the link where vehicles will go 
to this link during the green phase. The output of the 
GreenPhase Module is Extend which translates into the 
possibility of extending the green phase. Ten rules have 
been developed in this Module as given in Table 2. In 
this case, the labels Z means zero, S for short, M for 
Medium, L for Long and VL for Very Long. 
Table 2. GreenPhase Module Fuzzy Rules. 
INPUTS OUTPUTS 
RULE 
QueueNum FrontNum Extend 
1.  Z  Z 
2.  S S S 
3.  S M S 
4.  S L S 
5.  M S L 
6.  M M M 
7.  M L S 
8.  L S VL 
9.  L M VL 
10.  L L L 
Referring to the rules, as the value of QueueNum 
increases, the value of the output Extend also increases 
proportionally, and as FrontNum increases, Extend
decreases. To get the outputs of the GreenPhase Module,
we combine all the Extend value of every lane in that 
green phase.  
3.3 The Decision Module 
The Decision Module makes the decision whether to 
switch to the green phase. Its inputs are the outputs from 
the NextPhase and GreenPhase Modules which are 
Urgency and Extend as described. These 2 antecedents, 
Urgency and Extend, are compared at every interval and 
the consequent determines whether to change the phase 
or extend the green signal. In this case we use Yes for 
ending the Green signal phase and change to a new 
phase, and No for continuing the Green signal. If 
Urgency is higher than Extend, it means that the traffic 
condition for the next phase has heavier traffic than the 
current green phase, and thus the output will change the 
phase rather than extend the green signal at the current 
phase.  The rules of the Decision Module are given as in 
Table 3. In all the three modules of the fuzzy controller, 
the Max-min inference procedure and the Centroid 
Defuzzification strategy are employed [5, 14]. 
INPUTS OUTPUTS 
RULE
QueueNum FrontNum RedTime Urgency 
1.  Z   Z 
2.  S S S S 
3.  S S M S 
4.  S S L M 
5.  S M S S 
6.  S M M S 
7.  S M L M 
8.  S L S S 
9.  S L M S 
10.  S L L S 
11.  M S S S 
12.  M S M M 
13.  M S L L 
14.  M M S S 
15.  M M M M 
16.  M M L L 
17.  M L S S 
18.  M L M M 
19.  M L L M 
20.  L S S M 
21.  L S M L 
22.  L S L VL 
23.  L M S M 
24.  L M M L 
25.  L M L L 
26.  L L S S 
27.  L L M M 
28.  L L L M 
Table 3: Rules derived for the Decision Module 
RULE EXTEND URGENCY DECISION 
1.  Z Z NO 
2.  Z S YES 
3.  Z M YES 
4.  Z L YES 
5.  Z VL YES 
6.  S Z NO 
7.  S S NO 
8.  S M YES 
9.  S L YES 
10.  S VL YES 
11.  M Z NO 
12.  M S NO 
13.  M M NO 
14.  M L YES 
15.  M VL YES 
16.  L Z NO 
17.  L S NO 
18.  L M NO 
19.  L L NO 
20.  L VL YES 
21.  VL Z NO 
22.  VL S NO 
23.  VL M NO 
4 Design of Traffic Simulator 
4.1 Case Study 
In order to show the effectiveness of the proposed fuzzy 
controller, a case study is done involving a complex 
junction in the city of Kuala Lumpur, as shown in Fig. 6. 
The existing traffic controllers of this junction which has 
4 intersections are of the VA-type. During low traffic 
volume, the VA-type traffic lights controller is able to 
control the traffic conditions quite well. However, during 
high traffic volume, they cannot cope with the traffic 
condition. This situation can be observed at around 
5.00pm during working days from Monday to Friday. We 
observed that when one of these 4 intersections is 
congested, the other 3 intersections are badly affected.  
Figure 6:  Map of the case study of a complex 
traffic junction in Kuala Lumpur city. 
The failure of the traffic controller warrants a situation 
where traffic police are deployed to control the 
intersections during heavy traffic conditions in Kuala 
Lumpur city. In order to make comparisons among the 
controllers as discussed, we labelled these 4 intersections 
from 1 to 4 [17]. In the next section, we discuss how we 
simulated the traffic conditions at this junction. A 
simulator was developed using Visual Basic which 
reflects the traffic junction under study. 
4.2 Traffic Flow 
In order to reflect real traffic flow in the simulation, 
headways of vehicles are designed to be as closed as 
possible to the real ones. Headways are the time interval 
between successive vehicles passing through a fixed 
point [6]. In our case study, we videotaped the traffic 
junction over several weeks especially during heavy 
congestion at around 5.00pm to 7.00pm. The headways 
are measured as follows. Assuming a number of vehicles 
queuing in a lane, when the light turns green, vehicles 
move sequentially over a period of time. The time at 
which each vehicle moves out from the lane is then 
recorded. From the records, the nth headway value is 
obtained by subtracting the time of the (n-1)th  vehicle 
from the nth vehicle. Calculation of headways can be 
referred to in more detail in [6]. In this simulation we use 
the following headway equation: 
y = - 0.0113 x*x + 1.9228 x + 0.5255                      (1) 
where y is the accumulation in seconds and x is the 
sequence. It was observed that the generated values of 
the headways through simulation are almost identical to 
the actual headways from our traffic study at the 
junction. This confirms the validity of the headway 
equation formulation for the simulation. 
4.3 Type of Vehicles 
In order to simulate as closely as possible to the actual 
traffic situation at the junction, the types of vehicles must 
be considered. In general, we can categorize three types 
of vehicles: (1) Passenger cars for all types of passenger 
cars, including vans and MPVs (2) Buses and (3) Medium 
And Heavy Vehicles for commercial goods carrying 
vehicles such as lorries and trucks. The ratio of these 3 
types of vehicle affects the real traffic flow due to their 
different lengths and headways.  
The length of Buses is 2.25 the length of Passenger cars 
and the length of Medium And Heavy Vehicles is 1.75 the 
length of Passenger cars [16]. As an example, consider 
100 vehicles in a lane where Passenger cars = 85 , Buses
= 5 and Medium And Heavy Vehicle = 10. Thus, the 
calculation for the new traffic flow would be: 
New Traffic Flow =  [ 
100
85
 + ( 
100
5
x 2.25 ) + 
(
100
10
x 1.75 )  ] x Real Traffic Flow           
     (2) 
5 Simulation Results and Discussions 
The traffic system was simulated on a Pentium IV 1.6 
GHz microcomputer. The proposed fuzzy inference 
method and the 2 existing methods, PCT and VA were 
simulated under the same conditions. Several types of 
settings were tested for the proposed method to 
determine the performance of the proposed fuzzy 
controller. The simulations were run for 1 hour for each 
set. Three types of performance indices were used to 
compare the results: flow density average, link overflow 
and delay time average. The simulator can be found at 
www.cairo.utm.my and Fig. 7 shows the GUI of the 
traffic junction with 4 intersections. 
Flow density average stands the average total number of 
pcu in all these 4 intersection at 1 second. This is the 
average value of 1 hour simulation. The lower the value 
of the flow density average, the better the performance of 
the controller. It means that the traffic controller can 
control the traffic condition well such that the pcu 
crosses the intersection faster without much queuing 
time. Link overflow indicates how many times and also 
how many links have overflow condition. If there are 2 
traffic directions in 1 link, the times of overflow will be 
counted as 2. Overflow is counted in every second of 
simulation and accumulative. As an example, if the 
simulation only runs for 1 second and the overflow is 5 
times, it mean that there are 5 links of these 4 intersection 
have overflow conditions. A lower value of the link 
overflow indicates better performance of the traffic 
controller. Delay time average shows the average pcu 
waiting time at every link before each is allowed to cross 
the intersection. A lower value of the delay time average 
indicates a better performance. 
The main purpose of the traffic controller is to control 
traffic flow and to ensure good traffic condition. A good 
traffic controller should allow the pcu to cross the 
junction as fast as possible. So for the comparison 
purposes, we put flow density average as the most 
important performance indicator, followed by link 
overflow and delay time average. This is because 
overflow condition can obstruct the pcu across the 
intersection and affect normal traffic flow. 
Based on these performance indices, simulations were 
carried out for various traffic conditions where the three 
controllers were compared. Figure 8 shows the results of 
the simulation for the 3 controllers based on three 
different traffic volumes: low, high and actual. In the first 
simulation exercise in which the three controllers were 
tested under low traffic volumes, there seems not much 
significant difference among the controllers, although the 
fuzzy controller shows a slightly better performance. 
The second simulation exercise shows a remarkable 
improvement in the flow density average for the fuzzy 
controller when compared to the other two controllers 
under high traffic volume. This is obvious as the fuzzy 
controller can improve over time. 
Figure 7: Graphical User Interface of the Traffic 
Simulator showing the 4 intersections. 
Figure 8: Performance index of flow density average 
against 3 different controllers for 3 
different traffic conditions. 
In the final simulation exercise, we tested the fuzzy 
controller according to the actual traffic conditions. In 
this case we videotaped the junction at the various 
intersections from 4.30pm until 7.00pm on October 12th,
2001 which is a Friday where traffic conditions in Kuala 
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Lumpur are extremely chaotic, thus, warrants a good case 
study and test for the proposed fuzzy controller. On 
observing the videos, we calculate the actual traffic 
conditions which include the various types of vehicles 
and different patterns of traffic flows. Once we have 
determined the actual traffic conditions, we ran the 
simulation for the three controllers and the results are 
obtained as shown in Table 4. 
It can be observed that in terms of Link Overflow, the 
proposed fuzzy controller performed significantly better 
when compared to both the PCT and VA controllers. In 
terms of Flow Density Average, the fuzzy controller 
improved the traffic conditions by more than 50% over 
the two controllers. However, similar to the case as in the 
high traffic volume, the fuzzy controller performed less 
than the other two controllers. Nevertheless, the 
difference is rather insignificant as the values are rather 
small. Overall, the fuzzy controller again shows better 
performance than the other two controllers. 
One important observation in the simulations is when we 
compare the flow among the 4 intersections. In this case, 
the fuzzy controller did not show much improvement in  
Intersection 4 which indicates a large value of Link 
Overflow. Upon studying the intersection, it was found 
that the traffic from East to West has only 1 lane out and 
2 lanes in, thus affecting the flow. This, however, can be 
improved if more lanes are designed for both traffic 
flows.
Table 4: Comparison of Simulation Results based on 
Actual Traffic Conditions of the Junction  
6 Conclusion 
This paper has discussed a proposal for a practical 
implementation of a fuzzy inference based traffic lights 
controller. The effectiveness of the fuzzy controller over 
two existing traffic lights controller, namely the Preset-
cycle time and Vehicle-actuated controllers, have been 
studied and tested for various traffic conditions. The 
proposed fuzzy traffic lights controller has been designed 
to have the following features: (1) capability to determine 
the capacity of each link, (2) capability to synchronize 
with neighbor traffic lights controllers, (3) consists of  
multiple phase sequence which proves to be more 
effective, (4) capability to observe the traffic conditions 
continuously and re-evaluate at every sample, and (5) 
capability to consider the pedestrian crossings, however, 
due to length limitations, this is not discussed, but a study 
on this can be found in [17].  
A case study on a complex junction in the 
middle of the city of Kuala Lumpur has provided a good 
test-bed for testing the controllers. A simulator reflecting 
real traffic conditions has been developed based on a 
more accurate model which considers headways, types of 
vehicles and saturation flow. In our study we have 
observed real traffic conditions from videos taken at the 
junction on an extremely congested time and day of the 
week. Our simulations have shown that the proposed 
fuzzy controller performed better than existing traffic 
controllers currently used in many cities. It can be 
concluded that the fuzzy traffic lights controller can be 
practically designed and implemented with significant 
advantages.  
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